Medication reviews by a third party have been introduced as a method to improve drug treatment in older people. We assessed whether this intervention reduces mortality and hospitalization for nursing home residents.
Introduction
Drug treatment in older people, with multiple diseases and long medication lists, is a challenge. In clinical practice, suboptimal pharmacotherapy is common; for example, treatment with inappropriate drugs or dosages and/or omissions of drugs from which the patient would probably benefit [1] . Indeed, up to ∼50% of hospital admissions have been reported to be drug related [2] . Furthermore, adverse drug reactions cause a substantial number of deaths each year [3] . This drug-related morbidity and mortality has received attention not only from healthcare professionals, but also from authorities and regulators.
Medication reviews have been proposed, and introduced, as a method to improve prescribing practices. This intervention is based on a systematic assessment, based on varying sources of patient information [4] , with the aim of evaluating and optimizing the drug treatment. Commonly, medication reviews are performed by a third party not directly responsible for the patients. Pharmacists are often involved, either alone or in multiprofessional teams. A medication review may include medication reconciliation, i.e. to identify the most accurate list of medications for a patient. The main contribution, however, is often to assess the appropriateness of the pharmacotherapy; for example, according to general recommendations or with the use of indicators such as the Medication Appropriateness Index (MAI) [5] or Beers criteria [6] .
For interventions in healthcare, evidence on a net positive balance between benefits and harms is essential. Preferably, such evidence should include hard end-points, i.e. patient-relevant outcomes. A systematic review on the effect of medication reviews on such outcomes was published in 2008 [7] . It reported that medication reviews did not significantly affect mortality and hospitalizations. Several new studies have been published in the last 5 years. An update of the documentation on the effects of medication reviews on these important outcomes is therefore needed. A recent Cochrane review concluded that it is uncertain whether medication reviews in hospitalized patients reduce subsequent mortality or hospital admissions [8] . Furthermore, another recent Cochrane review, which evaluated all kinds of interventions for optimized prescribing for patients in care homes, did not find evidence for an effect on resident-related outcomes [9] . The former review provided pooled risk estimates on the effects of medication reviews on mortality and hospitalization, whereas the latter review did not. Neither of the reviews included nonrandomized controlled trials (nonRCTs). Therefore, we undertook this systematic review and meta-analysis to evaluate further whether medication reviews can reduce mortality and hospitalization in nursing home residents.
Methods
We performed a systematic review according to established routines at the Regional Health Technology Assessment (HTA) Centre in the Region Västra Götaland, Sweden. The PICO was defined as follows. Patients (P) were nursing home residents with drug treatment. Intervention (I) was medication review. Comparison (C) was standard care or other type of medication review. Outcomes (O) were mortality and hospitalization. A medication review was defined as any kind of systematic assessment of a patient's medications with the aim to evaluate and optimize his or her drug treatment. We included both randomized (RCTs) and nonrandomized controlled trials and restricted the publications to English or Scandinavian languages (Swedish, Danish and Norwegian). Furthermore, we allowed randomization at the individual as well as at the aggregated level. Studies in which the medication review was focused on a specific condition or a specific class of drugs were excluded.
Literature search
Systematic searches, covering the period from January 1990 to June 2012, were performed in Medline, EMBASE, Cochrane Library, ProQuest Nursing & Allied Health Sources and Health Technology Assessment databases. We also searched the reference lists of included articles. A detailed description of the search strategies is available in Appendix S1. In order to identify ongoing or completed, but still not published, studies we searched http:// www.clinicaltrials.gov, http://www.controlled-trials.com and http://www.who.int/ictrp/en (last accessed 7 January 2014).
Study selection
Two research librarians screened all the identified abstracts and, if needed, also read the full-text articles. Those that did not fulfil the PICO were excluded. All the remaining studies were independently assessed for eligibility by all authors, followed by a consensus discussion for final inclusion in the systematic review.
Data extraction
Data were extracted from the studies by one investigator (SMW) and subsequently checked by two others (JMK and KN). The data extracted included the number of individuals in the intervention and the control groups, type of intervention (including classification into one of three types of medication reviews according to the National Prescribing Centre [4] ) and comparison, length of follow-up, the defined primary end-point of the specific study, and data on mortality and hospitalizations. When numbers on included, deceased and/or hospitalized individuals were not reported in the RCTs, we sent a request e-mail to the corresponding author.
Quality assessment
The study quality was independently assessed by four investigators (SMW, JMK, KN and AS) according to checklists used by the HTA Centre [10] . These include assessments on directness (external validity), risk of bias (internal validity) and precision. The investigators discussed the assessments and set the overall study quality to high, moderate or low. Disagreements were resolved by discussion.
was applied in a random-effects model. Risk ratios and 95% confidence intervals (CIs) were calculated. We did not assess publication bias with funnel plots because we considered the number of studies included in the metaanalyses too few for this purpose. Heterogeneity was measured with the I 2 statistic. In the meta-analysis of mortality, two studies of low scientific quality had a great number of patients and, as a consequence, contributed to a large extent to the pooled result. Therefore, as metaanalyses of studies with questionable quality can be hard to interpret [11] , we also performed a sensitivity metaanalysis without the low-quality studies. No other sensitivity analyses were performed.
Results

Study selection
After removal of duplicates, 1281 unique references were identified. The librarians first excluded 1180 by reading the abstract and then excluded another 73 after full-text reading ( Figure 1 ). The remaining 28 articles were read by all five authors, who agreed on 12 fulfilling the inclusion criteria. We identified two ongoing studies that fulfilled our PICO (NCT01876095 and NCT01932632). The recruitment of patients had not yet started.
Study characteristics
The included studies are described in Table 1 . We assessed the seven RCTs to be of high [12] , moderate [13] [14] [15] or low scientific quality [16] [17] [18] . The five non-RCTs were of moderate [19] or low quality [20] [21] [22] [23] . Ten of the 12 studies contained a total of 10 861 patients (4669 in RCTs and 6192 in non-RCTs). In the remaining two studies, we could not obtain the exact number of patients [14, 19] . The mean age of included patients varied between 78 and 86 years, and the patients were treated with an average of 4-12 drugs. The time of follow-up was up to 12 months, with only one study having a follow-up of <6 months [13] . In none of the studies did the authors report conflicts of interest regarding medication reviews.
Eight studies compared medication reviews with standard care. The intervention was performed by a multiprofessional team that included pharmacists [12, 13, 21] , pharmacists only [15, 17, 18] , physicians only [22] or geriatricians and geriatric nurses [16] . The other four studies investigated either information technology [14] or educational [19] support for medication reviews, or compared patient groups selected on the basis of the results of the medication review [20, 23] .
Mortality
Seven RCTs and four non-RCTs reported data on mortality. None had the power to detect differences in mortality, although one non-RCT stated mortality as the primary end-point [22] .
Five RCTs compared medication reviews with standard care and reported the number of deceased patients in the intervention and the control group [12, 13, 15, 17, 18] . These were pooled in a meta-analysis ( Figure 2A ). The risk ratio for all-cause mortality was 1.03 for intervention vs. control patients (95% CI 0.85-1.23; I 2 = 26%). In the sensitivity meta-analysis that included only studies of high or moderate quality ( Figure 2B ) [12, 13, 15] , the corresponding risk ratio was 1.22 (95% CI 0.93-1.60; I 2 = 0%). The two RCTs that were not included in the metaanalysis did not observe any statistically significant differences in outcomes related to mortality [14, 16] . No additional data were obtained.
Two non-RCTs compared medication reviews with standard care. Neither of them reported a statistically significant difference in mortality between the study groups [21, 22] . Two non-RCTs compared two different kinds of medication reviews. One of them reported significantly fewer deaths in the group of patients in which the medication review had resulted in a change in the medication list in comparison to the group of patients in which no change was made [20] . The other reported no statistically significant difference between the study groups [19] .
Hospitalizations
Six RCTs and three non-RCTs reported data on hospitalizations. None of them had the power to detect differences in hospitalization, although one non-RCT stated hospitalization as primary end-point [22] .
Two RCTs compared medication reviews with standard care and reported the number of hospitalized patients in 
Figure 1
Flowchart of studies included in this systematic review Table 1 Extracted data from the included studies evaluating medication reviews in nursing home residents the intervention and the control group [12, 15] . These were pooled in a meta-analysis ( Figure 3 ). The risk ratio for hospitalization was 1.07 for intervention vs. control patients (95% CI 0.61-1.87; I 2 = 35%). None of the four RCTs that were not included in the meta-analyses reported any statistically significant differences in hospitalization variables between the study groups [14, [16] [17] [18] . We received additional data from one study; there were 87 and 283 hospitalized individuals in the intervention and the control group, respectively [18] . In that study, baseline hospitalization rates varied considerably between the randomization groups. 
Figure 2
A meta-analysis of RCTs in nursing home residents comparing the effect of medication reviews with standard care on mortality (A) and in the subgroup of these trials with moderate or high quality (B 
Figure 3
A meta-analysis of RCTs in nursing home residents comparing the effect of medication reviews with standard care on hospitalization. CI, confidence interval; M-H, Mantel-Haenszel; RCT, randomized controlled trial
One non-RCT compared medication reviews with standard care. No statistically significant difference was observed between the study groups [22] . The remaining two non-RCTs compared different types of medication reviews. In neither of them were relevant differences observed in the rate of hospitalizations [19, 23] .
Discussion
Main study findings
The main finding of this systematic review and metaanalysis is that medication reviews, performed by pharmacists or multiprofessional teams, for older people who live in nursing homes do not seem to have beneficial effects on mortality or hospitalization. This has important implications, because such reviews have been proposed, and have sometimes even already been introduced, as a method to solve the problem of inappropriate drug treatment in the elderly.
Strengths
The most important strength of the present review is the focus on mortality and hospitalization. The importance of these outcomes for the individual patient and the healthcare system is unquestionable. Other outcome variables, which focus only on potentially harmful effects of drug treatment, may be suboptimal because they represent only one side of the coin. Such effects must be weighed against the potential benefits of pharmacotherapy. Thus, all-cause mortality and hospitalization may represent the overall net effect of any intervention aiming to improve the health of the patients. Moreover, there is a great deal of uncertainty in the judgement of whether a case of death or a hospitalization is primarily drug related or not. Such assessments always include subjective input.
Another strength of this review is the focus on nursing home residents. The need to optimize drug treatment in this category of patients is well known, and medication reviews have been shown to be the most common component to optimize prescribing in this setting [9] . Furthermore, the inclusion of non-RCTs in addition to RCTs gives a comprehensive overview of available scientific evidence.
The strict adherence to established HTA routines and the number of individual assessors are further advantages of the review. This approach may be particularly important in the research field of medication reviews, because the field implies potential conflicts of interest. Indeed, a prerequisite for medication reviews is allocation of resources. As this intervention is predominantly performed by pharmacists, and resources are limited, the implementation of medication reviews in clinical practice implicates that resources are reallocated from other healthcare professionals and/or activities. Therefore, conflicts of interests related to funding and contributions by professions are likely.
Limitations
The main limitation is that there were few published studies of sufficient scientific quality that adequately addressed the effects of medication reviews in this particular patient category. Another limitation is that none of the included studies had the power to detect superiority with regard to mortality or hospitalization, nor were they designed to detect non-inferiority. Indeed, only 886 patients could be included in the meta-analysis of hospitalization, which resulted in rather low precision, with a wide confidence interval of the pooled estimate.
Another important limitation is the various settings of the studies. The routines of drug treatment and prescribing differ between countries. Therefore, the content of standard care may vary. Furthermore, the level of care may differ between nursing homes. In addition, the heterogeneity of the intervention needs to be considered. However, all studies included in the meta-analyses involved a third party that was not directly responsible for the patient. This person or team routinely assessed the drug treatment and, when applicable, recommended changes.
Relationship to other studies
The results of this systematic review show that the conclusion of the meta-analysis published in 2008, i.e. that medication reviews do not have any beneficial effects on mortality and hospitalization [7] , is valid also in the nursing home setting. Furthermore, the results are in agreement with the recently published Cochrane reviews on medication reviews in hospitalized patients [8] and interventions for optimized prescribing in older people in care homes [9] .
Our meta-analyses do not exclude a beneficial effect of medication reviews. Although all point estimates favoured standard care, the confidence intervals crossed the line of unity and were rather wide. However, the sensitivity analysis regarding all-cause mortality indicates that it is unlikely that the addition of future studies would result in a pooled effect that would favour medication reviews. Indeed, inclusion of low-quality studies in a meta-analysis can be questioned because such studies may bias the results [11] .
It may be argued that quality of life could be a relevant end-point. However, a recent Cochrane review found no studies that measured this end-point within the field of optimizing prescribing in care homes [9] . Furthermore, such an end-point may include interpretation difficulties. Indeed, when you add extra time and effort to a patient, regardless of the focus area, quality of life may be affected. Thus, to take this potential 'placebo effect' into consideration, a double-blind design would be preferable. This may be hard to achieve within the field of medication reviews and, as far as we are aware, such studies are lacking. Indeed, a Cochrane review reported that no studies were found concerning pharmacist services vs. services delivered by other health professionals [24] .
A previous review [25] reported that MAI or Beers criteria were often used as outcome measures in pharmacist interventions for improved prescribing practices. Indeed, such criteria have been the primary outcomes in a Cochrane review on interventions for improved use of polypharmacy in older people [26] . The present review confirms the focus on surrogate outcomes within this research area, as illustrated by the primary end-points number of drugs [12, 21] , drug costs [12, 21, 23] , number of medication changes [15] and drug discontinuations [20] . It is important to point out that such surrogate outcomes, in contrast to patient-relevant outcomes, yield effect estimates that are more favourable for the intervention [27] . Furthermore, the relationship between these surrogate outcomes and mortality or hospitalization has not yet been clarified.
There are several potential explanations for our findings. First, selection bias cannot be excluded, especially as most studies were of low or moderate scientific quality. One may also speculate that frail older patients may have a reduced compensatory capacity for the physiological alterations that may occur upon drug treatment changes.
Another possible explanation of our findings may be that medication review often implies that more persons than the responsible physician are involved in the pharmaceutical care of the patient. This kind of teamwork has been perceived not only to prevent, but also to cause prescribing errors, as the responsible physician may rely on another person to identify errors made [28] . Furthermore, in order to weigh risks and benefits for treatment alternatives in a specific patient it is sometimes necessary to deviate from general guidelines. The prescribing physician, who has the overall medical responsibility for the care of the patient, is probably the person best suited for such decisions.
A third explanation is that patients and their caretakers who receive conflicting information from different sources regarding the drug treatment may be confused. The responsible physician and the professionals responsible for the medication review may have different opinions on the most appropriate treatment. Indeed, this assumption is supported by the recently reported mean implementation rate of 50% of recommendations [29] . One may speculate that conflicting information may reduce patient adherence and, consequently, affect patient outcome.
Although economic evaluations of clinical pharmacy services suffer from methodological limitations [30] and solid evidence with regard to head-to-head comparisons of standard care with interventions that require additional resources are still lacking [24] , the studies in the present review indicate that great resources are currently being spent on medication reviews. It may be argued that this intervention reduces costs of drugs and therefore pays for itself. In the review by Holland et al., medication reviews resulted in a statistically significant small reduction in the number of drugs [7] . Therefore, it is not surprising that the costs for drugs could be reduced. However, the medication review in itself also requires resources. In two of the studies included in the present systematic review, the savings in drug costs were related to the amount of resources spent on the intervention. In one study, a net cost was reported [12] , whereas the other reported a net saving [18] . In this context, it is important to emphasize that undertreatment, as well as overtreatment, are both prevailing problems [1] . Indeed, when evaluating economical aspects of medication reviews, the benefits of drug treatment also need to be taken into account, preferably by the generic measure of incremental costs per quality-adjusted life year. However, to the best of our knowledge, only two cost-utility analyses of medication reviews in the setting of RCTs have been published. They addressed home-based and in-patient medication reviews, respectively [31, 32] . Both studies reported that the costs per quality-adjusted life year were higher than normally accepted by the society and, thus, the intervention was probably not cost-effective [33, 34] .
Conclusion
Our findings indicate that medication reviews do not reduce mortality and hospitalization in nursing home residents. The results may be valuable for decision-makers and for researchers designing future studies. Much research remains to be done in order to clarify how drug treatment can be optimized in older people in this setting.
